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INTRODUCTION________________________________________ 
Understanding the frequency of eruptions in long-lived volcanic 
complexes is important to evaluate their potential hazards especially 
when these systems remained dormant for protracted periods. A detailed 
eruptive chronology of such volcanic systems combined with calculations 
of erupted volumes can help to better constrain eruptive recurrence over 
long time intervals, which is fundamental for hazard assessment. 
Over the last decade, combined application of U-Pb-Th and (U-Th)/He 
zircon geochronology has become a promising method to date volcanic 
eruptions (e.g., Schmitt et al., 2006, Danišík et al., 2012, 2017). Rapid 
temperature decrease below the ~200 °C closure temperature for He 
diffusion in zircon enables determination of eruption ages based on the 
(U-Th)/He systematics (Farley, 2002). This methodology involves 
calculations of (U-Th)/He dates from single zircon crystals, retention 
correction, U-series disequilibrium correction and determination the 
eruption age from the corrected single crystal dates. 
The youngest volcanic activity of the Carpathian-Pannonian Region 
occurred at the Ciomadul volcanic complex (Eastern Carpathians, 
Romania). The age of the last eruption was constrained by radiocarbon 
technique (ca. 32-30 ka, Vinkler et al., 2007; Harangi et al., 2010), 
whereas biotite and whole-rock K/Ar ages indicated that the lava dome 
building stage of the volcanic complex occurred between ca. 600 and 150 
ka (Pécskay et al., 1992, 1995; Szakács et al., 2015). However, the first 
published disequilibrium-uncorrected (U-Th)/He ages revealed that this 
lava dome building stage is probably much younger (ca. 200-100 ka; 
Karátson et al., 2013) than it was previously thought, and first 
disequilibrium-corrected (U-Th)/He dates constrained that the youngest 
eruption stage occurred at ca. 57-32 ka at the Ciomadul volcanic complex 
(Harangi et al., 2015). 
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The principal aim of this PhD was to obtain eruption ages for the entire 
Ciomadul volcanic dome field, which enables the determination of the 
active phases and the quiescence periods between them. 
The methodology used by Schmitt et al. (2006) and Danišík et al. 
(2012, 2017) was adapted in this study, i.e., the eruption ages were 
determined by combined zircon U-Pb-Th and (U-Th)/He dating. The 
eruption ages were combined by erupted volume calculations and newly 
analyzed major and trace element compositional data allowing the 
evaluation of chemical changes in the erupted magmas, as well as the 
eruption rates. Summarizing these results, a conceptual model was 
developed for the volcanism of this long-dormant volcanic system using 
the volcanic activity unit-based methodology of Fisher and Schmincke 
(1984) and Lucchi (2013). These data yield important new information 
about the nature of a little known long-dormant volcano in eastern-central 
Europe. 
This study belongs to the research project “REvPAMS: an integrated 
Research of a volcano with Potentially Active Magma Storage, the 
youngest volcano (Ciomadul, E Carpathians) of the Carpathian-
Pannonian Region” lead by Szabolcs Harangi, financed by the Hungarian 
National Research, Development and Innovation Fund (NKFIH) within 
No. K116528 and also to the No. PD 121048 project of Réka Lukács. 
The results of this study were published in Molnár et al. (2017, 2018, 
accepted). 
METHODOLOGY_______________________________________ 
For the purpose of the study, lava dome samples and pumices were 
collected during several field campaigns of the MTA-ELTE Volcanology 
Research Group. The studied volcanic formations cover every eruption 
stages of the Ciomadul volcanic dome field. Further samples from the 
latest eruptions of the nearby Pilişca volcano and the Murgul Mare lava 
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dome were also analyzed to constrain repose time before the onset of the 
Ciomadul volcanism. 
Polished thin sections were prepared from the collected andesitic and 
dacitic lava dome rocks and pumices. A Nikon Eclipse E600 POL type 
polarization microscope was used for the description of the general 
petrological features along. The morphological and inner structural 
characteristics of the zircon crystals were performed with an AMRAY 
1830 type SEM equipped with a GATAN MiniCL at the Department of 
Petrology and Geochemistry, Eötvös Loránd University. 
Whole-rock major and trace element geochemical compositions were 
analyzed at AcmeLabs Ltd. (Vancouver, Canada; http://acmelab.com/). 
(U-Th)/He age determinations were conducted under the supervision 
of István Dunkl at the GÖochron Laboratory of Georg-August University, 
Göttingen. Single-crystal aliquots were dated, usually six aliquots per 
sample. 
Disequilibrium corrections were applied by average U-Pb and/or U-
Th crystallization ages (Lukács et al., 2018, in prep.) for each sample 
younger than 1 Ma. In case of five samples zircon double-dating (e.g., 
Schmitt et al., 2006, Danišík et al., 2017) was also applied. Zircon crystals 
from samples 201b, 202, Ciomadul Mic, Haramul Mic and Haramul 
Ierbos were hand-picked and mounted in indium and their U-Th isotopic 
compositions was analyzed by Réka Lukács using the Heidelberg 
University (Germany) large magnet radius ion microprobes (CAMECA 
1280-HR). After the U-Th analysis, the measured crystals were plucked 
out from the indium mounts and analyzed for (U-Th)/He at the GÖochron 
Laboratory. 
The erupted volume of the extrusive rocks was determined by János 
Szepesi, using ArcGIS analytical tools on SRTM global digital elevation 
models (DEM, https://lta.cr.usgs.gov/SRTM1Arc). 
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THESES_____________________________________________ 
1. The largest uncertainty of the (U-Th)/He method derives from the 
retention correction which assumes homogeneous parent nuclide 
distribution within the crystal. Taking into account the heterogeneous 
distribution of the parent nuclides could improve the accuracy of the (U-
Th)/He method. For this purpose, I worked out a new, Excel-based 
calculation scheme for zircon as a possible solution for the zonation 
problem. Although this is established on a spherical geometry, it takes 
into account the zonation, the different stopping distances for each 
intermediate daughter isotopes and the different growth rates on the 
prismatic and pyramidal face of the crystal. 
2. All the peripheral lava domes of the Ciomadul volcanic dome 
field were studied with an additional sample from the Pilişca volcano. 
Their geochemical character defines three groups based on the 
classification of Peccerillo and Taylor (1976). The andesitic Murgul Mare 
lava dome and the dacite sample from the Pilişca fall to the normal-K–
calc-alkaline series. The two andesitic/shoshonitic lava domes at Bixad 
(Murgul Mic) and Malnaş villages are high-K–shoshonites, whereas all 
the other peripheral lava domes (Baba-Laposa, Haramul Mic, Puturosul, 
Balvanyos, Dealul Mare and Turnul Apor) belong to the high-K–calc-
alkaline series. Within this last group there is no large difference either in 
their chemical composition nor their mineral assemblages. 
3. The oldest eruption ages were obtained for the lava domes of 
Murgul Mare and Pilişca. Their eruption ages are 1885 ± 87 ka and 1640 
± 37 ka, respectively. 
4. The formation of the two shoshonitic domes (964 ± 46 ka and 
907 ± 66 ka) overlap with the eruption age of the Baba-Laposa (945 ± 65 
ka). This latter is the first high-K–calc-alkaline lava dome and is regarded 
as forming the onset of the volcanism of the Ciomadul volcanic dome 
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field (CVDF). The eruption activity was followed by intermittent 
extrusions of the other high-K–calc-alkaline lava domes: Dealul Mare 
(842 ± 53 ka), Puturosul (642 ± 44 ka), Balvanyos (583 ± 30 ka), Turnul 
Apor (344 ± 33 ka) and Haramul Mic (154 ± 16 ka). This latter eruption 
age overlaps with oldest lava domes of the Ciomadul volcanic complex. 
5. The presented eruption ages are combined zircon U-Pb and (U-
Th)/He ages for the 1-0.3 Ma samples and combined zircon U-Th and (U-
Th)/He ages for the Haramul Mic sample. The disequilibrium correction 
was necessary for the 1-0.3 Ma samples because their “secular 
equilibrium-assumed” (i.e., minimum) and “full disequilibrium-
assumed” (i.e., maximum) dates do not overlap within uncertainty 
implying that the effect of the disequilibrium cannot be excluded. In case 
of the older (>1 Ma) samples the “secular equilibrium-” and “full 
disequilibrium-assumed” (U-Th)/He dates are overlapping with each 
other. Therefore, no disequilibrium correction is required and the secular 
equilibrium-assumed (U-Th)/He dates approximate well the eruption 
ages. 
6. Based on the eruption ages and the geochemical characteristics, 
a sharp change can be recognized in the erupted magma composition at 1 
Ma. The renewed eruption activity started after a ca. 600 kyr of 
quiescence following the last eruption of Pilişca volcano. 
7. The new eruption ages of the lava dome extrusions in the CVDF 
revealed that volcanic activity can be renewed in a volcanic field even 
after prolonged, i.e. >100 kyr of quiescence. 
8. The eruption centers at ca. 1 Ma (i.e., the contemporaneous two 
shoshonitic domes and the dacitic Baba-Laposa lava dome) are situated 
parallel to the river Olt and arranged perpendicular to the normal, NW-
SE trend of the Călimani-Gurghiu-Harghita volcanic chain. This could be 
explained by tectonic control of the rejuvenation of the volcanism. 
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9. In addition to the peripheral lava domes which represent the older 
active stage of the Ciomadul volcanic dome field, seven lava domes 
(Haramul Mare, Haramul Ierbos, Mohoş, Dealul Cetăţii, Ciomadul Mare, 
Ciomadul Mic and Piscul Pietros), a remnant of a lava flow (206V), four 
proximal (KH, 226, DP and 205), and two distal pyroclastic outcrops 
(201b and 202) were also sampled, analyzed and dated. These samples 
represent the eruption activity of the Ciomadul volcanic complex, the 
younger eruptive stage of the Ciomadul volcanic dome field and the 
youngest activity within the Carpathian-Pannonian Region. Based on 
their whole-rock geochemical characteristic, the sampled lava rocks and 
pumices belong to the high-K–calc-alkaline series. They are overlap in 
composition and in mineral assemblages with the 1-0.15 Ma lava domes 
implying a monotonous compositional character for the magmas erupted 
during the last 1 million years. 
10. The presented eruption ages are disequilibrium-corrected zircon 
(U-Th)/He ages which revealed that the lava dome building activity of the 
Ciomadul volcanic complex started at ca. 155 ka with the formation of 
Haramul Mic, Ciomadul Mare and Haramul Ierbos, after a ca. 200 kyr of 
apparent quiescence. It was followed by the extrusion of the Ciomadul 
Mic and Dealul Cetăţii lava domes at ca. 135 ka, whereas Haramul Mare, 
Mohoş and the lava flow remnant (206V) formed at ca. 95 ka. 
11. The first stage of explosive activity at the Ciomadul volcanic 
complex occurred at ca. 56-45 ka, after a ca. 40 kyr of quiescence period. 
The proximal pyroclastic deposits, which were dated during the PhD 
study (i.e., KH-N, 226c, 226-4b, DP and 205), belong to this eruption 
stage. The Piscul Pietros lava dome formed during the same interval (48 
± 6 ka) overlapping also with the previously reported eruption ages for 
the Tf and KH-A pyroclastic deposits (Harangi et al., 2015). The two 
distal pyroclastic deposits (201b and 202) yielded an eruption age of ca. 
30 ka which overlaps with the previously reported youngest eruptions of 
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the Ciomadul volcanic complex (Vinkler et al., 2007; Harangi et al., 2010, 
2015, 2018). 
12. The contemporaneously formed lava domes at ca. 155 ka, 135 ka 
and 95 ka are arranged perpendicular to the normal NW-SE trend of the 
Călimani-Gurghiu-Harghita volcanic chain, parallel to the 1 Ma lava 
domes. The eruption centers of the youngest, explosive eruptions are 
situated on the jointing of the two lineaments. This reinforces to suggest 
tectonic control of the vent alignments. 
13. Dating of the youngest (<60 ka) eruption products suggests that 
separation of the individual subsequent eruption events is often difficult 
as the obtained ages overlap within uncertainty. This is due to the 
relatively large uncertainty of the combined U-Th and (U-Th)/He method 
within this age range. Thus, the obtained eruption ages have to be always 
considered together with their uncertainties during the interpretation. 
14. Based on the determined eruption ages, an eruption chronology 
scheme was developed using the methodology and terminology of Fisher 
and Schmincke (1984) and Lucchi (2013). The Ciomadul volcanism can 
be divided into two main eruptive periods: Old Ciomadul (1 Ma – 300 ka; 
OCEP) and Young Ciomadul Eruptive Period (160-30 ka; YCEP). OCEP 
activity comprises Eruptive Epochs 1-3 with the intermittent eruptions of 
the small-volume, peripheral lava domes separated by long repose times 
(>100 kyr). YCEP activity comprises Eruptive Epochs 4 and 5. The 
formation of the main part of the Ciomadul volcanic complex occurred 
during Eruptive Epoch 4 (160-90 ka), which was followed after a ca. 40 
kyr of quiescence by a major change in the eruption style, the Eruptive 
Epoch 5 (55-30 ka) was characterized by mostly explosive eruptions in 
addition to lava dome extrusions. 
15. The newly obtained eruption ages were combined with estimates 
of eruptive volumes and based on these results, eruption rates were 
calculated. The volcanic activity reached its maximum during Eruptive 
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Epoch 4 (the main lava dome building stage) with an eruption rate of 0.1 
km3/kyr, whereas for the overall Ciomadul volcanism it is only ~0.01 
km3/kyr. These values are substantially lower than fof volcanoes at 
continental arc settings. This might be explained by the post-collisional 
setting of Ciomadul that requires tectonic control of the active volcanic 
phases resulting in significantly less erupted magma. 
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